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AC& compliance is a determinant of the contiguration of 
the aortic pressure and Row waves and is a component of the 
afterload imposed on the left ventricle (l-3). Decreased 
aortic compliance due to artetvsclerosis is observed in 
patients with coronary artery d&se (4,S). In previous 
studies. the effects of decreased aortic compliance on left 
ventricular ejection petiormance or aortic flow have been 
investigated (2.3,6,7). When aortic compliance is experimen- 
tally decreased, peak systolic pressure is displaced toward 
the latter third of the ejection period (1,2,3,6), and sonic 
pulse pressure is increased (1,2,7). However, the e6ects of 
decreased aortic compliance on the coronary circu!ation 
have not yet been sotliciently investigated. Our previous 
study (8) suggested that an awe experimental decrease in 
aortic compliance acutely altered the transmural myocxdial 
tissue oxygen tension, and aggravated subendocardial isch- 
emia in the region supplied by the coronary artery wilt a 
stenosis. 
The purpose of the present study was to investigate the 
effects of a chronic exwimental decrease in aortic compli- 
ance on myocardial p&tsiott and myocardii tiutctiw in the 
presence and absence of coronary artery stenosis. 
Methods 
Study design. This study consisted of an initial study and 
a final study. Six dogs with aortic bandaging to decrease 
aortic compliance (the bandaged group) were the subjects of 
the initial study. Aortic compliance was estimated before 
aad 4 weeks after aottic bandaging. In the final study, to 
asscs~ whether the change in the myocardial blond flow 
induced by the decrease in aortic compliance a&ted tke 
myoca&m supplied by a stewsed &roowy artery, we 
simultaneously measured the myocardial blood Row, suben- 
docardial regional segmental shortening and a s&end-xx- 
diil electrocardiogram (ECG) in the bandaged group and in 
five dogs with a sham operation (control group). The myc- 
cardial blood tlow in the Iwo groups was measured by the 
microsphere technique. The final study consisted of the 
following three stages in the two groups: I) baseline mea- 
suremznts (baseline); 2) measurements at rest in the pres- 
ence of left circumtlex coroaary artery stenosis (rest); and 
3) measurements during pacing (heart rate 200 beatshnin) in 
the pmssxcc of left circumflex coronary stenosis @acing). 
namics and n&lie bandaging. Eleven male or female mon- 
areI doar weiehina 10 to I8 kg, were anesthetized with 
sodiumpentobarbi~al(30 mg’kg body weight intravenously). 
Each animal was ventilated by a Harvard respirator with 
room ah at 10 to 15 hreaths/min. Arterial bleed pH, oxygen 
tension, and carbon dioxide tension were maintained within 
norm’J physiologic ranges during all experiments by adjust- 
ing the respiration rate. 
Before surgical preparation, two-dimensional and 
M-mode echocardiographic studies were perfomted from the 
right parastetnal area. The short-axis and long-axis views 
were obtained in all dogs. End-diastole was defined at the Q 
wave of tne ECG. End-systole was defined at the time ofthe 
second heart sound. End-diastolic minor-axis dimension, 
end-systolic minor-axis dimension and end-diastolic wall 
thickness were measured. Fractional shortening (FS) was 
calculated as follows: 
FS I%) = (DED - DEsNleo x 100, 
where DED is the end-diastolic dimension and DES is the 
end-systolic dimension. 
A left thoracotomy was performed through the left fourth 
intercostal space and the heart was suspended in a pericar- 
dial cradle. The ascending aorta was exposed and then 
surrounded with a calibrated electromagnetic flow probe 
(Nihon Kohden, FJ. 13 to 16 mm in diameter). The proximal 
portion of the left circumflex coronary artery was dissected 
free and was surrounded with a calibrated electromagnetic 
Row probe (Nihon Kohden, FJ 2 to 2.5 mm in diameter). The 
flow probes were attached !o electromagnetic Row meters 
(Nihon Kohden, MFV-1200, 2100, 3200). Zero Row was 
established in static saline solution, and was determined 
frequently by manual occlusion throuahout the exoeriment. 
A calibrated SF micramanometer -pressure transducer 
(Millar Instruments) was nlaced in the ascending aorta 
through the left intrathoracic artery. The right femoral vein 
was catheterized for transfusion. 
After measurement of aortic pressure. aortic flow. and 
left circumflex coronary blood riow, nylon tapes (Ii mm 
wide, 0.3 nun thick [Target Brand]), were placed around the 
entire descending thoracic aona and the proximal nortian a: 
the brachiocephalic trunk and left subciavian art&y in six 
dogs (bandaged group). Bandaging with these nylon tapes 
constricted the aorta, the brachiwephalic trunk and left 
aubclavian artery without changing the monitored mean 
aortic pressure and mean aortic flow. In five dogs (control 
group). a sham operation was performed without aortic 
bandaging. 
Finat study. Insrrumenrarion and ~~sewnen~ of hemody- 
namics, myocardial blood J&W, regional myocardiol func- 
tion and subendornrdial ECG. Four weeks after the opera- 
tion, the dogs were reutrned to tine experimentat laboratory. 
Anesthesia was administered and the echocardiographic 
studies were performed as in the initial studv. A left thora- 
cotomy then-was performed at the let7 fourth intercostal 
space, the lung was retracted and the hea.? was supported in 
a pericardial cradle. The calibrated Row probes were placed 
around the ascending aorta nd the proximal left circumflex 
artery (proximal to the first marginal branch), and then were 
attached to electromagnetic flow meters (Nihon Kohden, 
MFV-1200, 2100, 3200) as described previously. Zero flow 
was established in static saline solution and was determined 
frequently by manual occlusion throughout the experiment. 
A 7F introducer was inserted into the right carotid artery. 
through which a calibrated SF micromanometer pressure 
transducer was placed in the ascending aorta. The right 
femoral vein was catheterized for transfusion, and the left 
femoral artery was catheterized for the withdrawal of arterial 
bland samples for determination of myacardial blood Aow. A 
catheter was placed in the left atrium by way of the atriat 
appendage to inject the colored micraspheres. A lead plate 
(3 mm wide, 0.8 nun thick) was placed distal to the Idt 
circumflex coronary artery Row probe to produce partial 
occlusion of the coronary artery after baseline measure- 
ments. The constriction of the letI circumflex coronary 
artery was adjusted to reduce the coronary flow by no more 
than I@% of the baseline level, while eliminating the reactive 
hyperemia induced by IO s of coronary occlusion. A pacing 
electrode was attached to the right atrium to permit rapid 
atrial pacing. 
Two pairs of ultrasonic crystals (l-mm diameter, Schu- 
sler) to measure the regional myocardial segment length 
were implanted about 1 cm apti, perpendicular to the m;\ior 
heart axis, and were connected to a Sehusler diiension 
system. as reported earlier (9.10). Subendocardial electrodes 
ofTeflon-coated stainless steel wire Wtterdiatneter0.007 in. 
10.018 cm]; the tip was not covered, were inserted into the 
left ventricular cavity through a Et-gauge needle (I 1.12). A 
hook on the tip was embedded in the subendwardium as the 
needle was withdrawn. These crystals and electrodes were 
placed over the regions of the distribution of the left anterior 
descending and the IeR circumfkx coronary arteries. A 
schematic illustration of these instrumentations i shown in 
Figure 1. 
Recordings were made on an eight-channel recorder 
(Nihon Kohden, RM-6000) at a paper speed of 100 mm/s, 
with respiration suspended transiently at end.cxpiration. 
Regiomd myocardial blood f?ow. Regional myoeardial 
blood flow in all dogs was measured by the colored micro- 
spheres technique. Polystyrene micraspheres (IS-pm diam- 
eter, E-Z Trac) were injected into the IeR atrium at baseline 
and under two experimental conditions. In this study, black, 
blue and orange microspheres ware used. For each exwi- 
ment, the via& were manually agitated and yonex mixed for 
I mitt; then, =S X IO6 microspheres were injected thmugh a 
catheter into the left atrium (total volume 4.0 to 5.0 ml). 
followed bv a S-ml saline bath. A few seconds before each 
injectton, and continuing for 1.5 mitt, a reference blood 
sample was drawn from a catheter inserted through the left 
femoral artery into the descending aorta. using a withdrawal 
pump at a Row rate IO to 15 ml/mitt. 
artery region and from the left circumflex coro&ry art& 
region. They were cut and divided into epicardial ani 
endoeardial halves. After the tissue samples were weighed. 
they were minced Suely with a scalpel and were added to a 
SO-ml tube together with IS ml of Tissue Digest Reagent 1. 
The mixtures then were placed in a boiling water bath for 
I h. cooled for 30 min snd subjected to I min of vortex 
mixing. Next, the sample ww diluted to 40 ml with Tissue 
Digest Reagent II and centrifuged for 30 min at I.500 g. The 
supematant was poured off. and the sample was resus- 
oended in 4 ml of Tissue Microsuhere Countina Reagent. 
biner vortex mixing, pat of the u&w was tranifeferredto a 
small 15-ml tube, while the larger. remaining portion was 
washed three times with 2 ml of Tissue Microsphrre Count 
ing Reagent. Tke samples were centrifuged again for I5 min 
at 1,500 g, and the suprnutant then was aspirated, leaving 
0.2 to 0.4 ml of the supernalant in the bottom of the tube. 
After vortex mixing, the final dilution volume was measured 
;;w”; 
by drawing the mixture into the tip of n variahl : volume 
automatic pipette. 
Figure 1. Schemndc illwnuon of the animal model. ECG = 
electrocardiogram: LA = left atrium: LAD = left anterior dencend- 
ing cornnary artery: LCx = left circumflex coronary artery: PA = 
pulmonary artery: RA = right auiwn. 
At the end of each experiment. the hear1 was excised and 
washed with saline solution. 
All reagents used for the processing of tissue and blood 
samples to quantify the colored microspheres were obtained 
from E-Z Tmc. 
l&w Tissue samples (2 to 3 g) were obtained both 
from the center of the lefi anterior descendine coronx~ 
tad uzi asphated, and 25 ml of distilled water was added 10 
the sedlmenr. This was mixed and centrifuged for 15 min at 
I.500 2,and the supematant was again aspirated. Five ml of 
Blood Digest Reagent was t%en added to the sediment, and 
the sample “KS placed in bailing water for 30 min. After 
cooling. the digest was diluted with 25 ml of distilled water, 
and the sample was centrifuged for I5 min at 1.5(10 g. The 
supernaranr was aspirated again. and 4 ml of Blood Micm- 
sphere Cuunting Reagent and :he withes were added to the 
smai:er j-ml tube. The samples were again cenrrifuged for 
I5 nio PL I.500 g; t&n the supernalant ~was espizxed, 
lcdiiog 0.2 to 0.4 ml of the supematant in the bottom of the 
lube. Aher vortex mixing, the volume was measured by 
dnrang rhe mixore up into the Lip of a variable volume 
~XOFIIIIC pipette. This volume was taken as the final dilu- 
uon volume of the microspheres. 
&wnlinr an- Aliquots of the fmal diturion 
volume wcrc placed in a Fuchs-Rosenthal Hemocytometer. 
Sixteen chambers were counted for each sample. and the 
loll number of microspheres in each reference blood and 
tissue sample was computed with :he formula: 
Total mlcrorpheres =
No. counted l.MQ mm’ 
x - x mls”spenrio”. 
No. chambers x 3.2 mm’ ml 
where No. counted is the number of colored microspheres 
counted. No. chambers is the number of chambers counted, 
3.2 mm’ is the ruled volume of the chamber and ml suspen- 
sion is the final dilution volume. Regional myocardiul blood 
Bow (RMBF) was computed with Ike fonula: 
RMBF = (CT x R)I(CR x WT). 
where CT is Ihe total number of microspheres in the tissue 
sample, R is the reference I?QW rate (mlimin). CR is the total 
numb:; of microsphere+ in the reference blood sample and 
WT is the weight of the tissue sample in grams. Resulls ae 
expressed as r&iiiws per mint&per gmm. 
Llata au&&. For the ourwse of riming Ihe cardiac 
events, end&stole and end-iystole were defined as the 
peek of the S wave on the subendocardial %CG sod as the 
dicratic notch in the aoRic pressure curve, respectively 
(9.10.13.14). 
To evaluate the effects of aorric bandaging. systemic 
vascular resistance aud total arterial compliance were c&u- 
lated. Systemic vascular resistance (SVR) was calculated by 
the formula: 
SIR (mm H$liten per min) = 
Mean sonic pressure 
Mean uenic Row 
Total arterial compliance (ACo) was calculated according 
to the method proposed by Liu et al. (IS) and Yin and Liu 
(16). In brief, the arterial system is considered as a two- 
element Windkessel consisting of a resistance and a compli- 
ance in oar&l. which are assumed to be constant. Total 
arterial compliance for the case in which compliance is 
&ad, The reference blood samples, togeethe~ with the 
saline washings of the syringes, were placed into conical 
Xl-ml plastic wbes and centrifuged for 30 min al 1 .IM1 g. The 
red cell sediment was diluted lo 40 ml with Blood Hem&is 
Reagent and centrifuged for 30 min at l,SM) g. The superua- 
assumed t” be independent of pressure (i.e., a linear arterial Table 1. Hemcdyntic Changes After Antic Bandaging or 
pressure-volume relation) can be expressed in the formula: Sham Operation .- 
sv 
ACo(mllmmHg) = - x & x & 
‘I 
(As + Ad) 
1)=7 
where 5, is the linear correction factor, SV is the stroke 
volume (obtained from beat by beat integration of the flow 
signd!, As and Ad are the systolic and diastolic areas, 
resvectivelv. under the ascending a”rta wessuretime curve 
duhng sys&e or diastole, P*s i;the &ending a&c pres- 
sure at the dicrotic notch. Pd2 and Pdl are the diastolic 
pressures at the end and b&inning of the beat. respectively. 
The expression for corrected compliance for the case 
where compliance is pressure dependent (an exponential 
arterial pressure-volume relation) is: 
where 8 is the “““linear correction factor and b is the 
exponential coefficient. 
The measurements of the areas of Ad and As were 
performed with a digitalizer (Summa Graphics) and a mini- 
computer system (Hewlett-Packard, HP-1OtM). 
To evaluate myocardial oxygen demand and supply, the 
tensiorrtime index and the diastolic pressure-time index 
were calculated according to the methods pmposed by 
Samoff et al. (1’0 and Buckberg et al. (l&19), respectively. 
The tension-time index was obtained by measurements of 
the area under the systolic aortic pressure curve. The 
diastalic pressure-time index was obtained by measurements 
of the area under the diastolic aottic pressure ewe and 
sshtracting from it the mean left atria1 pressure. These 
measurements of the areas were also performed with a 
dignizer (Summa Graphics) and a minicomputer system 
(Hewlett-Packard, HP-IO@& 
Stntistii. All values are presented as the mea” value * 
SD. All data were analyzed using mixed factor analysis of 
variance (ANOVA), testiw for significant effects of the 
experimental stages and aortic bandaging. ANOVA was 
employed using repeated measurements. A probability value 
< 0.05 was considered significant. If a statistically signihcant 
effect was found, multiple contrasts were pelfomxd. The 
resultant p values were adjusted using the Etonferroni 
method, which cotrecls for performing multiple tests on 
correlated data. 
Initial Study 
RedIS 
The values for end-diastolic segment length (EDL) and 
end-systolic segment length (ESL) were normalized t” a 
Herrodynamk changes @fter wlk brmd@ttg tw sham 
baseline EDL of IO mm. The measured EDL and ESL were 
operaticm. Table I shows the changes in total arterial corn- 
divided by the EDL value measured at the baseline stage and 
pliance, systemic vascular resistance, the pulse pressure, the 
multiplied by 10. Segmental shortening (SS) was calculated 
left circumflex artery flow, the tension-time index (TTI). the 
by the formula: 
diastolic pressure-time index (DPTI) and DFTUTTI 4 weeks 
after aortic bandaeine or sham oceration. 
EDL - ESL In the band&J group, total &terial compliance signifl- 
ss (%) = - x tw. 
EDL 
cantly decreased after aortic bandaging, from 0.49 to 
0.24 ml/mm Hg, but systemic vascular resistance did not 
ST segment elevation on the subendacardial ECG was change. The pulse pressure, TTI and mea” left circumtlex 
determined 100 ms after the onset of the QRS complex artery Row significantly increased atter sonic bandaging: 
(ILIZ). from 21 to 49 mm Hg, from 3.341 to 3.947 mm Hg slmin and 
from 31.5 to 44.0 mUmin, respectively. Bath DF’TI and 
DPThTTI significantly decreased after aortic bandaging: 
from 3,457 to 3.008 mm Hg s/min and from 1.12 to 0.70, 
respectively. 
In the control group, none of these variables changed 
after sham operation. 
There were no dilfwences in any ofthe variables between 
the two groups preopaatively, hot by 4 weeks after opera- 
tion there were significant differences in total arterial com- 
pliance, pulse pressure, left circumflex artery Row, lT1. 
DPTI and DF’TlfiTI between the IWO groups. 
Vnhic data after sottic band&w or sham 
qwatka T&k‘2 shows the changes in the echocardio- 
graphic data after aortic bandaging or sham operation. The 
intensity of rhe echoes from the pericardium 4 weeks post- 
operatively was enhanced in all dogs compared with that 
measured before operation. This change may signify a 
p&inflammatory change. In some dogs. pericardium ad- 
hered to the right ventricle or to the anterior wall of the left 
ventricle, but the chamber size., wall thickness and contw- 
tion of left ventricle did not vary. There were no significant 
differences between the bandaged group and the control 
group with regard to any of these variables. 
Final Study 
Iiemadynnmk meawrements. The hemodynamic vari- 
ahles at each stage are summarized in Table 3. 
At baseline, heart rate, blocd pressure, aottic flow and 
svstemic vascular resistance did not differ sknilicantly be- 
t&en the bandaged and control groups. Totaiarteri&wn- 
pliance was significantly less (0.24 vs. 0.50 ml/mm Hg, p -C 
0.05) and left circumklex coronary flow was significantly 
Iable 3. Hemodyntic Variables at Fxh ExWrimentat SCaee 
greater (44.0 vs. 30.4 ml/min. p < 0.05) in the bandaged 
group than in the control group. 
There were GO changes in any of the hemodynamie 
variables after the introduction of the Itft circtnttRex artery 
stenosis in the two groups. Furtherm~n. except for heat 
rate. rapid pacing did not alter any variable during pacing. 
Regionat ntywardiat fun&m. The normalized regional 
myocardial segment lengths and segmental shortening data 
in the left anterior descending and left circumf!ex regions arc 
shown in Table 4. 
End-diastolic segment length, end-systolic segment 
length and segmental shortening in both regions did not 
change significantly at rest after the introduction of the left 
circumflex artery s!enosis, which was adjusted as described 
previously. Segment kngih and segmental shortening in both 
regions were analyzed at rest and during pacing in the 
presence of the kft circumikx stenosis. 
Lefr onrerior descending artery area. End-diastolic 
length and segmental shortening during pacing tended to 
decrease in the two groups when compared with values at 
rest. but the decrease was not signiftcant. End-systolic 
segment length did not change significantly during pacing in 
either group. There was no dilference in segment shortening 
between the two groups. Thus, aortic bandaging did not 
sieniiicantlv influence the reaional function of the left ven- 
t&k m the absence of coronary stenosis. 
LAD 
Control gro”p 
EDL hm, 
ESL mm, 
ss m 
*and?& group 
EDL ,mm, 
ESL mm, 
ss m 
LCX 
Control grcmp 
EDL mm, 
ESL mm 
ss ,%, 
Bandaged gm”P 
EDL mm, 
ESL ,lnrn~ 7.88 ? 0.25 
Lefr circur@x o~ery are-o. End-diastolic length and 
segmental shortening during pacing tended to decrease in the 
two groups when compared with values at rest, but the 
decrease was not significant. During pacing, end-systolic 
length did not alter in the control group but it increased 
significantly in the bandaged group (8.14 lo 8.91 mm, p < 
0.05). Segmental shortening during pacing in the bandaged 
group was significantly less than that at rest; in rhe control 
group, however. it tended 10 be lower than the value at rest. 
but <he decrease was not significant. 
Subendocardial ECG. The levels of the ST sewneo~ on 
the subendocardial ECG in the IeA anterior desceidiog and 
left circumflex regions are shown in Table 5. 
The levels of the ST segment tended to be greater in both 
regions in the bandaged group than in the control group. but 
Table 5. ST Segment Level in the Subendacardial Eleclm~ram 
the difference was not significant. The ST levels at rest in the 
presence of the left circumflex artery stenosis did not change 
from baseline values in either group in either the leki anterior 
descending or left circumflex artery regions. 
The ST segments in both regions were analyzed at rest 
and during pacing in the presence of the left circumflex 
artery stenosis. 
Leff circum& artery region. In the left circumflex ar- 
tery region supplied by the stenosed left circumflex artery, 
significant ST elevation during pacing was noted in the 
bandaged group. whereas there was no significant change in 
the control group (bandaged group 3.0 to 1.3 mV. p < 0.01; 
control group 1.3 to 2.4 mV, p = NS). 
Lef anterior descesdini: army region. In the region 
supplied by the left anterior descending artery without a 
stenosis, the ST level in Ihe bandaged group tended to 
become higher during rapid pacing, b”l the difference was 
not significant: in the control group. there was no difference 
between the ST level a1 rest and during pacing. 
Regional mywardlal blood Row. Table 6 shows the myo- 
cardial blood flow in the IeR anterior descending and loll 
circumflex anery regions measured using the colored micro. 
spheres. The a”bendocardial/subepicaniial flow ratio in bah 
regions is shown in Table 6 and Figure 2. 
At baseline before adjusting left circumflex coronary 
artery stenosis. subepicardial blood Row in both regions was 
greater in the bandaged than in the control group. In con- 
trast, subendocardial blood flow in both regions was not 
significantly different between the IWO groups. The suben- 
docardieJs”bepicardial flow ratio in the bandaged group was 
r&on supplied by the left .&iar descending coronary 
artery (LAD) Without coronarv stenosis) ;.nd I” the rewn 
ruppiied by the left circurnkn~omnary artcry ILCx) (kth 
coronary slenosisl. In the left anterior descending artery 
region. there was no difference among three stages m either 
the control or the bandaged group, but the endocardiall 
epicardial flow ratio was siennicantlv lower in the bandaged 
tioup than in the control~raup at-each stage. In the iefr 
circumikx artery region, the endocardialfepicardial Row 
rain decreased significantly in both group, during PIFITS 
after the inrroduetion of the letI circumflex artery stenosis. 
As in the left anterior descending artcry region. the 
endocarditdfepicardial Row ratio was ignificantly lower in 
the bandaged group than in the contml group at each stage. 
significantly lower than that in the control group. Thus. it 
was demonstrated that the distribution of the myocardial 
blood Row in the bandaged group changed associated with 
decreased sonic compliance. 
In addition, we examined the influence of a critical 
coronary stenosis and rapid pacing on tnyocardial blood flow 
and the sobendocardiaYsuhepicardial flow ratio in the two 
PUPS. 
Leff circrwl7e.r artery region. Akr the introduction of 
the left circumflex artery &nosis. subendocardial blood 
Row in the bandaeed emus simtificantlv decreased from 1.50 
to I.09 ml/mitt per g & < ‘0.03) and th;t in the control group 
also tended to decrease (from 1.45 to I.23 mllmin per& but 
the decrease was not significant. There was no significant 
di&rence in subendocardial blood Bow between the two 
groups. However. subepicardial blood Row did not alter ar 
rest after the introduction of the left circumflex artery 
stenosis (control group 0.95 to 0.98 ml/mitt per g; bandaged 
group I.67 to 1.64 mUmin perg). Therefore. the subendocar- 
dial/suhepicwdial flow ratio in the bandaged group signifi- 
cantly decreased after the introduction of the left circumflex 
stenosis (fmm 0.95 to 0.67, p < 0.05). and the ratio in the 
control group tended to decre.ae (from iS7 to 1.29. p = 
NS). 
In the presence of coronary stenosis, subendocardial 
bled flow significantly decreased during rapid pacing (con- 
trol group 1.23 to I.04 ml/min per g. p < 0.05; bandaged 
group I.09 to 0.54 tttlkt per g. p < 0.05). whereas rubepi- 
cardial blood Row significantly increassd (control group 0.98 
to 1.60 mUmin per g. p < 0.05: bandaged group I.64 to 
I.95 ml/min per g. p < 0.05). To examine the magnitude al 
the change in the myocardial bloal How in respoose to 
pacing, we compared the percent change in the blood Row in 
both layers after pacing between both groups (Fig. 3). The 
percent decrease in subendxudial blood Raw was waler in 
ihe bandaged group than in the control group C-50.5 t 
14.1% vs. -15.4 + 10.2%. D < (1.05). and the oercent 
increase in the subepicardial’blood fl& was less’ in the 
bandaged group than in the control group It 18.9 + 14.9% 
vs. t63.2 t 26.7%, p c 0.05). Incontrast the subendocardial 
to subepicardial Row ratio during pacing was significantly 
lower in the bandaged group than in the control group (0.29 
vs. 0.70. p < 0.05) (Table 6, Fig. 2). 
Left amrior descending army region. In the region 
sumlied hv the left anterior descendine artem without 
co&ary sknosis. subendocardial and s&epic&al blood 
flow after the left circumflex artery stenosis at rest were 
similar to baseline values. 
Subendocardial blood flow increased doting rapid pacing 
Figure 3. Percent increase in myocardial b ood Row in response to 
rapid pacing in the bandaged and conW groups. Top, In the region 
supplied by the let? anterior descending coronary artery (LAD) 
Without a stenosis), the percent increase in sukndoeanliat (Endo) 
blood Row in rqax to pacing was significantly less in the 
bandaged group than in the coittml group. while that in the sukpi- 
cardial (Epi) layer was similar in the two groups. Bottom, In the 
region supplied by the IrR circumilex coronary artery Ux) (with a 
critical stenosisI. the subendocardial blood flow decreased uring 
pacing and the subepicardial b ood flow increased. The percent 
decrease in subendoardial blood Row was sigoiticamlv greater in 
the bandaged group than in the control gmup. and the percent 
increase in the suhepicardial blood Row was significanlly less in the 
bandaged group than in the control group. 
(contra! wow 1.29 to 1.95 mllmin oer %, a < 0.05; bandwd the other, the subendocardiallsubepic~i~ flow ratio in the 
group 1.27 to 1.57 mUmin per g; p < 0 05) and subqic&! 
blood flow (control grow 1.14to 1.79 mllmin pera. P 4 0.05; 
bandaged group 1.47 td 2.11 mUmin per g, b <-O:OS). The 
subendocardiaUsuhepieardia: flow ratio did not change dur- 
ing pacing in either group (control group 1.22 to 1.13, p = 
NS; bandaged group 0.89 to 0.87, p = NS). The magnitude of 
the change in blood flow doting pacing is demonstrated in 
Figure 3. The percent increase in the subendocardial blood 
Row was less in the bandaged group (+23.6 + 16.3% vs. 
+X.2 + 16.5%. p < 0.05). However, there was no difference 
between these groups in the percent increase in subepicar- 
dial blood flow (t43.5 ? 12.7% vs. tZ7.G * 10.5%. p = NS). 
Thus, in the absence of coronary stenosis, aortic bandaging 
at&ted the subendocardial blood flow during pacing more 
than it affected subepicardial blood flow. 
Discussion 
In the present study, nortic bandaging decreased total 
arterial compliance and increased pulse pressure, but sys- 
temic vascular resistance did not change. The tension-time 
index (PI) was increased ao ! the diastolic pressure-time 
index (DPTI) was decreased after aortic bandaging. Mean 
coronary Row also increased in the bandaged group. The 
subendacardial/suhepicardial blood flow ratio was less in 
the bandaged group than in the control group. Moreover, the 
distribution and response of the suhendocardial blood flow 
to a critical coronary stenosis or rapid pack were worse in 
the bandaged group-than in the controi group. 
Previous studies. Clinical studies have defitonstrated de- 
creased compliance of the aorta in patients with coronary 
artery disease (4.5) or hypertension (20,211. An increase in 
pulse pressure and changes in the left ventricular ejection 
performance associated with decreased aortic compliance 
have been reported (1.2.20). However. the effects of de- 
creased aortic compliance on the coronary circulation have 
not been investigated. To our knowledge, this study is the 
first report that has confirmed that a chronic decrease in 
amtic compliance changes the transmural myocardial petfu. 
sion and aggravates subendocardial ischemia in the presence 
of coronary stenosis. 
Possible mechanisms of oubendocnrdial iscbemis associated 
w&h decreased not’tic compliince. The most important lind- 
ing of our study was that subendocardiel iachemia, which 
was induced during pacing in the presence of coronary 
stenosis. occurred despite an increase in mean coronary flow 
associated with a decrease in aortic compliance. There are 
some possible explanations for this phenomenon. 
The increase in TTI, the decrease in DFTI and the 
decrease in the DpTbTCI ratio were associated with de- 
creased eortic compliance in our study. Buckberg et al. 
(18.19) proposed the ratioof DF’TI toTfI as adeterminant of 
the adequacy of subendocardiel oxygenation. In our results, 
although the subendocardial blood Row at baseline and in the 
ebse&e of coronary stenosis did not differ fmm one group to 
left askrior descending and left &comfiex artery regions 
and the ratio of DFTI to TTI were sienificaotlv lower io the 
bandaged group. Thus, even if coronary stkosis is not 
present, decreased aortic compliance may be associated 
with inadequate subendocardiai oxygenation. The presence 
of coronary stenosis may aggravate inadequate subendocw 
dial oxygenation. 
When run-tic comoliance is decreased. it is known that 
aortic pulse pressor~ is increased (1,2,7) and peak systolic 
pressure is displaced toward the latter third of the ejection 
period (I-3.6). The resistance and the compliance of toe 
arterial system contribute to ,entricular alterload. In our 
study, however, the change in afterload due to decreased 
aortic compliance was not examined. Therefore, it is unclear 
what mechanism was responsible for the increased left 
circumflex artery mean flow, which was associated with the 
decreased aortic compliance in our study. However, the 
increased TTI indicates the possibility of increased myocar- 
dial oxygen requirements. Thus, we speculated that the 
incrwe in left circumflex artery mean flow seen in our study 
might be a response to the greater oxygen requirements of 
the left ventricle associated with decreased aortic comdi- 
ance. 
It is known that the partofthe leftventricleat thegreatest 
risk of &hernia is the subendwardium. that is. the deeoest 
one quarter or one third of the ventricular *tii (22.23): To 
clarify the effects of decreased aortic compliance, coronary 
stenosis and pacing on the myowdial blood Row, we 
investigated the blood flow of the inner and outer layers of 
the left ventricle using the microsphere technique. DC- 
creased aortic compliance altered the distribution of the 
blood ffow to both laws. The subendocarditisubedcardial 
blood Row ratio et be&line was lower in the band&d group 
than in the control group in both regions. This lower ratio. 
which was associated with sortie bawlaging, decreased even 
further in the presence of critical coronary stenosis because 
subendowdial blood flow war significantly decreased. 
The response to pacing was also examined in both 
groups. In the region supplied by the left anterior descending 
anery without a stenosis, the magnitude of the change in the 
subepicardial blood flow in response to pacing was simile in 
the bandaged and control groups. However, the magnitude 
ofthe change in the subendocardial blood Row in response to 
pacmg was less in the bandaged group than in the control 
group. In contrast, in the region supplied by the left circum- 
flex artery with a critical stenosis, the decrease in subendo- 
cardial blood flow was greater and the increase in subepicw 
dial blood flow was less in the bandaged group in response to 
pacing than in the control group. In conclusion, decreased 
sonic compliance restricted the distribution of the blood 
flow to the subendwardium in response to pacing, and thii 
effect was enhanced in the presence of coronary stenosis. In 
our experiment, a left circumllex artery stenosis that was 
adjusted to eliminate reactive hyperemia was considered to 
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impair the subendocardial coronary reserve as previously TTI and left circumflex mean coronary flow associated with 
reported (24). However, it was also reported by other decreased aoRic compliance was demonstrated. Although 
investigators that the coronary flow reserve in the presence these results also do not immediate!y trans!ue into the 
of a critical stenosis was present in the subepicardium increase in left ventricular afterload. we speculated that 
(22,251. Although we have not examined the flow reserve in these findings are the results of increased oxygen require- 
the subendocardium and the subepicardium. the increase in ment associated with decreased aortic compliance. Tne 
the left circumflex sobepicardial blood Row in response to mechanism for this increased oxygen requiremettt WBE tot- 
pacing, even in the presence of a critical coronary stenosis, clear in this study. 
may be indicaive of the presence of !he flow reserve in In our experimental model, we constricted the descend- 
subepicardium. ing aorta with bandaging. Gentile et al. (31), showed that he 
The change in the conhguration of the blood pxssure majority of the aortic compliance is probably determined in 
cttrve associated with decreased aortic compliance has been the ascending aorta in dogs. However. we could not deter- 
demonstrated previously (1.2.20). In our study. diastolic mine whether the unhandagd ascendii aotla in this study 
pressure was decreased in the bandaged group. This pres- became more compliant in the bandaged dogs, or whether 
sore change associated with decreased aortic compliance oar results would have been more significant ifthe asceoding 
may atTect myocardial blood distribution, because rhe sub- aona had been constricted. 
endowdial blood flow depends mainly on the diastolic Measurements of the myocardial blood Row have also 
coronary flow and the decreased diastolic pressure is a been reported in previous studies. We used nonradioactive, 
disadvantage to sohendwardial perfusion (22). The enperi- colored microspheres to measure the myocardial blood flow. 
mental evidence that in the bandaged group the percent And an important potential limitation in our study is the 
increase in the subendocardial blood Row in the I& anterior 
descending artery region in response to pacing was less than 
precision and reproducibility of the colored micmsphere 
technique for small samples. There are no investigations oa 
in the control group indicates that the pressure change the relative accuracy and precision of the colored micro. 
associated with decreased aortic compliance may aggravate sphere technique for small samples. However, two reports 
myocardial blood distribution to the atbendocardium during indicated that the nteasurernents of myowdial blood Row 
rapid pacing. However, the subendoardiallsubepicardial using the radioactive and colored microsphere techniques 
Row ratio and segmental shurtening in the lefi anterior correielate well for 2- to 3-g samples (32.33). Therefore, we 
descending artery region during pacing were not different believe that our results are likely to be similar to those that 
between the two groups. Thus, decreased aortic compliance would be obtaioed with radioactive micros&era. 
alone is not responsible for subendocardial ischemia in the Clinical impli&ons and eot~Jusiot~~. Our fir,dings iodi- 
absence of coronary stenosis. However. in the bandaged cate that B decrease in aortic compliance alters the trans- 
group. the percent decrease in the sttbendwardlal blood tlow mural myocardial blood distribution and decreases the 
itt the region supplied by the lefl circutiex artery with a subendocardiaUsubepieardial Sow ratio. On the basis of this 
stenosis in response to pacing was greater than in the control study. a decrease in sonic compliance appars to greatly 
group. Moreover, the subendocardiallsubepicardial Row ra- increase the risk of subendccardial ischemia in the presence 
tio in the left circumflex region during pacing was signifi- of coronary stenosis. 
candy less in the bandaged group than in the control group. 
Therefore, the change in transmural blood flow associated 
with decreased aortic compliance can be an additional risk of References 
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